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Fli@t tests have been conducted to determine the effect of
leng&h of a.conical windshield on the drag of a bluff body moving
et supersonic 8Tee&3. A comparison is made between results thus
obtained (for a 3-inch windshield) and the results of previous
drag tests of IxMy-windshield ccmbhations (for w+ndshfields of O,
l-inch, and 10-inch length]. The t6st results showed that the
effect of increasing the length of a conical windshield mounted
ahead of a bluff body moving at supersonic spe@s is to decrease
the tia~ that the effect is greatest for short W3.ndshields;.and
that the effect increases tith Mach number. Results also showed
that a conicel windshield of relatively mall dimensions can
appreciably increase the effectivo fineness ratio of a bluff body
at supersonic speeds.

IXCRODUCI!ION.1

w view of practical considerations, such as ??ro~sion of
adequate visibility for a pilot or an automatic tax-get-seeking
device, the Lan@ey Pilotless Aircraft Research Division is
conducting an inv@i@tion to.detmmdne mans whereby the drag
of a blunt-nose body at mpe?monic spe@ ~Y be reduced to a
value comparable with.that of a pointpd-nose body.

Theoretical considerations indicate that, H a conical wind-
shield is placed ahead of a l)lunt-nosebody at supersonic speeds,
the.low-velocity wake behind tileconical windshield till pmnd
and thus cause the external flow to follow the contcm formed by
the extension of the surface of the conical windshield. Thus, a
small conical point might produce &bstantia31y the same effect
as a 10PU?,pointed nose but have tho &d.vantagesof improved
visibili~y-and reduced structural weight.
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Txtorder to determine the ma~ittie of the effects of a conical
windshield the supersonic flight investigation of reference 1 was
continued and the results are ~resented herein. Roferonce 1
determined.the reduction in drag effected by a l-inch conical
windshield of 220 22’ include~ nose angle placml 8.04 inches aheaa
of the ahost hemispherical nose of a fin-stibilizea body of
5-inch diameter. The effect of incremxhgthe length of the wind-
shield to 3 inches is given in the pree{~ntpaper. As in reference 1,
the drag of the s-inch windshield is compared with that of a pointed
nose of fineness ratio 3.5 formed by fairtng a median cvu?vebetween a
cone md a circular arc tangent to the ‘j-inch-diameterbody.

BODXES AND TE91?S

Bg&l&f&.-A photograph of the blunt-nose teet body oquippod with
the conical windshield 3 inches long ie givcjnas fi@re 1. This
body was obtai.no-dby modifying the body of the dimensions gtven in
figure 2(b). The sharp noso was replaced by a spheric@ surface
tiich faired tangentially into the rear part of the sharp nose as
shorn in figure 2(c). The s-inch conical windshield.was mountod
on a boom aa shown in figure 3(b) so that tho 8Qex of the wlrid-
shield coincidod tith the position of the ayex of the original
sharp nose. The included angle of the windshield, 220 20’, was
approxlmatd.y equal to the included angle of the co?iginalsharp
nose.
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The l-inch-windshieldbody of reference 1 was derive& In the
same manner as the s-inch-windshield body, and differed only in
length of the windshield and in diemeter of the supporting bocsn.
The l-inch windshield is shown infi~e 2(a) and in greater detail
in figure a(a). The comparable sharp-nose ana blunt-nose bodies of
reference 1 are the shapes shown in figures 2(b) and 2(c),
respectively.

. —

All the test bodies were progeHod by3.25-inch-~aoter Mk. 7
aircraft rocket motors enclosod within the ~odios;” At a preignition
temperature of 69o F, the rockot mot-oreprovided.approximately
2200 pounds of thrust for approximately 0.87 second-

&&!w - The bow with the s-inch conical windshield as well as
the bodies inreferance 1, were launched at an elevation angle of
’75°to tie horizontal. Bocm.so of the large elevation angle and
the short duration of bur~ of the rocket motor, the trajectory
of the %odioe iiuringtheir supersonic coasting fl.i@G (after the
propellant was e~eniied) was appro-tely a straight I-ine* The
fli@t velocity was meas~eii during this coasting period by means
of a CW Doypler raaar set (AN)@lW3)located at the yoint of launching,

.
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RESULTS AND DISCUSSION

The variation of velocity with time for the test body with the
s-inch cmical windshield, asmasuredwith the radar unit, is
presented in fQuro 4. The amount of scatter of the experimental
yoints, although greater than usual, still pezmits =tisfactory
redw:tion of the data. The maximum veloclty ~ched by the test
lody was 1672 feet per second, which correspmds to a Mach number
of 1.49. The part of the velocity curve during which coagting
fliglhtwas at+~ined (after the end.of Imrning) was gz-qhicdly
clifferentiated to obtain the deceleration. The product of the
deceleration and the known mass of the test body gave the forward-
acting inertia force. This product was equated to the sum of the
drag and tha lmown weight of the boti. The values of the drag
thus oktained are _grbsent.edin fi~re 5 as a function of the flight
ve~~cfty. ~ thOWh th6”SC%tt3r of thO ~elcci.ty-timecurve has
been greet.lymagni.fiad hy i.t.sclifferentiat:on, tie drag curve ia
aatisfectcrily determined. J%nalmost lineur variation of drag
with velccity 5.sevuknced between the limits cf 1100 and 1~
f=et per Sdccn?.

Frm the i’airedcurve of dmsq a~air=t velocity given @
fi~’re ~, ‘thedrag coefficient of the tust body with a 3-inch
windshield has been computed md is ~resented in figure 6 as
a function of the Mach number. For conpariaon, the drag-coefficient
curves for the body w5th a l-inch ‘windshieldand the blunt-nose
and sharp-no’se :~odiesof reference 1 are.include”d. The drag
coefficients were kased on body f+rontalarea exclusive of the fins
(0.1364 sq ft) and include the drag of the firm. The figure shows
that the drag-coefficient curve for the test body with the 3-inch
windshield intersects the curve for the blunt-nose body of reference 1
at a Mach number of 1.o~ and is 96, @, and 85 percent of the blunt-

‘ nose drag coefficient at Mach numbers of 1.1, 1.2, and 1.}, “
respectively.

As an indiution of the consistency of the drag-coefficient
curves obtained by the testing technique qqloyed, the variation
of drag coefficient with Mach number, evaluated for five identical
sharp-nose test bodies, is presented in figure 7. The scatter of
the pofi’t is approximately Ls percent relative to the mesn faired
curve, which varies approximately 2 percent from that presented in
reference 1. Of the five test bodies (fig. 7), test bodies A and B
were fired,at identical atmospheric conditions and test bodies
C ~d D ?r6refired at identical atioSphGric conditions. The scatter
can be attributed.to slight.inaccuracies in iodel fabricaticm, test
method, and reduction O? the experimental.data.



4 w@=--
Figure 8, a cross plot of figure 6, shows

drag decrement against windshield length. The
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curves of percentage
percentage drag

dec%ment is the-precentagereduction of the drag of the blunt-
nose body effected by the use of a conical.windshield. The sharp-
nose test body of reference 1 has been assumed to be the result of
increasing the length of the windshield to 10 inches since it is
evident that an increase in length of the conical windshield to the
puint at which it beccmes tangent to the blunt nose would result
in decreasing the drag to approximately the value obtained with the
actual sharp nose tested. Although the sharp nose is not of conical
shape, actually having been derived ly taking the mean curve between
a conical and circular-arc profile, little discrepancy in aero-
dynamic characteri.eticsshould result from the difference as is
indicated in reference 2, and the resulting values are lmli.evedto be

c Kf the pro~er order of magnitude. Consequently, tho points at
3 inches and 10 inches have been connecteclby dashed lines. For
the Mach number of 1.L, the O, l-inch and 3-inch points have also
been connected by a dashed line to indicate that the decrements are
small enough to fall within the precision of the te~ts. The curves —

show that the short-length wind~hields (3 in. and less] are most
effective per unit length in decreasing the drag of the W.mt-nose

.

as is indicated by the curve for the 3-inch windshield, which Is .
6J.ficent as effective as the 10-inch windshield at a Mach nuuiber

. . Also, the effectfvenessof the windshield increases with
Mach nuuiber,the effectivenessbeing approximately U. percent
greater at a Mach number of 1.4 th@n at a Mach number of 1.1.

..- —
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For a given windshield length, the decrement in drag coefficient
resulting from an increase in Mach number $ecreases as the Mach
number inoreases.
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CONCLUSIONS

Flight tests of the effectiveness of conical windshields of
various length with a 22° 201 included angle in reducing the drag
of a 5-inch-diameter,blunt-nose body at Mach numbers of 1.1 to
1.4, when the apex of the windshields is located 8.o4 inches ahead
of the body, lead to the following conclusions:

1.
a blunt

2*
becaues
becomes

A conicalwindshield is effective in reducing the drag of
body .

The decrease in drag coefficient effectedhy the windshields .

greater, and the decrement per inch of windshield Length
less, with increasing length of windshield:

.
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3. For an incrsase in Mach number the reduction in drag
coefficient result~ from the use of a conical.windshielrlincreases;
the increase is greatest ac the low Mach numbers.

4. The magnitude of the decreases in drag coefficient of a
blunt body at Mach numbers of 1.1, 1.2, and 1.4, res~ectively,
effected ly a l-inch conical windshield were about 0, 4, snd
6 yercent; by a 3-inch conicel ti.ndshield,about 4, U., and 15 percent;
and by a 10-inch conical windshield, the limitlng condlticn which
made the windshield continuous with the body proper, about 14, 23,
and ~ ~ercent.
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Figure l.- General view of test body.
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